Proper technique, greater chances of mini-implant placement success!
====================================================================

There certainly was high-quality Orthodontics before the advent of mini-implants. Severe malocclusions were treated and, by the end of treatment, the ideal objectives of orthodontic therapy were achieved. Professional skills and clinical experience in similar cases contributed to establish a stable and functional occlusion. Nevertheless, more complex orthodontic mechanics occasionally led to or allowed unwanted movements of teeth involved in appliance use. Thus, there was a need to control such side effects so as to allow treatment to be properly developed.

Once mini-implants were introduced with a view to aiding orthodontic treatment, they allowed unwanted effects to be minimized or even eliminated, thereby favoring tooth movement mechanical control. This resource caused major changes in current orthodontic treatment.

Implant placement technique is relatively simple and does not require an oral and maxillofacial surgeon. Mini-implants can be installed by an orthodontist, provided that previous planning has been made with a proper sequence of procedures that respect all clinical steps. In addition, patient\'s anatomical features should be carefully considered together with the limitations imposed by the technique.

Initially, patients should be advised of the risks and benefits provided by mini-implants. After having the patient\'s consent, planning should be carried out in accordance with the mechanics and clinical possibilities. Faced with any impossibilities, implant placement must be interrupted and a new planning should be done. Implant placement clinical sequence involves selecting a specific type of mini-implant according to the site in the oral cavity, taking radiographic examinations of the placement site, preparing the operating field through full asepsis, encouraging the patient to perform mouth washes with 0.12% chlorhexidine, performing anesthesia (topical and infiltration) and lancing procedures, carrying out mini-implant placement procedures and new radiographic examinations so as to check mini-implant positioning.

The literature[@B01] ^-^ [@B09] ^,^ [@B10] ^,^ [@B12] ^,^ [@B13] ^,^ [@B14] provides numerous reports on orthodontic mini-implant placement procedures; however, little attention has been given to why it should be done so. There is plenty of research and reflection to be done.

Hypotheses to explain mini-implant loss in absolute orthodontic anchorage
=========================================================================

1) Sites of poor alveolar bone and little space between roots lead to inadequate implant placement!
===================================================================================================

Mini-implant placement site is suggested by the orthodontist who should elect it on the basis of the orthodontic mechanics of choice, distance between roots, attached gingiva dimensions, maxillary sinus height, magnitude of force, and bone density.[@B04] In some cases, the site of professional choice is not the most appropriate for mini-implant placement ([Fig 1](#f01){ref-type="fig"}). Certain regions in the oral cavity, such as the retromolar fossa, maxillary tuberosity and edentulous regions, present alveolar bone of questionable quality, which might lead to inefficient placement and mini-implant loss.[@B02]It is known that the retromolar fossa has buccal and lingual alveolar bone with favorable density; however, bone found at the center of this anatomical structure is porous, with large medullary spaces that hinder interlocking necessary for mini-implant stability.[@B02] Similar bone feature is also found in the maxillary tuberosity and edentulous regions. It is worth noting that temporary anchorage devices (TADs) should not be placed in areas of recent extraction. A minimal 6-month interval should have passed in order to assure mature bone formation ([Fig 2](#f02){ref-type="fig"}).

Figure 1 -Mini-implant placement between \#16 and 17 hindered by reduced space between roots.

Figure 2 -Implant placement failure in area of recent extraction.

One disadvantage of mini-implants is that, most of times, they are placed between tooth roots, which increases the risk of damage and loss of stability.[@B11] Placing a mini-implant over a tooth root might lead to cement destruction or TAD fracture. In less severe cases, mini-implants are placed near the root, which hinders thread placement in the alveolar bone, as part of a thread is inserted into the periodontal ligament ([Fig 3](#f03){ref-type="fig"}). In this context, most of times, mini-implants present primary stability, but might be subject to loss after a few days or weeks due to vertical tooth movement.

Figure 3 -Mini-implant near the tooth root.

Whenever radiographic examination, ridge palpation or root contour reveal that tooth roots are too near, specific orthodontic preparation should be carried out in order to upright the teeth and split roots apart ([Fig 4](#f04){ref-type="fig"}). For a safe implant placement procedure, it is recommended that the space between roots respect mini-implant diameter plus 1 mm mesially and 1 mm distally. For instance: Should the mini-implant of choice be 1.5 mm in diameter, the space between roots should be of 3.5 mm.

Figure 4 -Periapical radiographs. A) Reduced space between \#15 and 16 roots; B) Enlargement of space between roots after orthodontic bends were performed in the arch; C) Mini-implant placement.

It is advisable to avoid sites with insufficient amount of alveolar bone and decreased space between roots. Interproximal, periapical and even conventional occlusal radiographs might contribute to achieve greater success with the mini-implant placement technique and, therefore, increase stability ([Fig 5](#f05){ref-type="fig"}).

Figure 5 -A) Initial periapical radiograph; B) Periapical radiograph after implant placement; C) Bitewing radiograph; D) Conventional occlusal radiograph.

2) Different sites require mini-implants of different sizes! Implant size should respect alveolar bone diameter!
================================================================================================================

The ideal mini-implant should be as big as possible in order to assure greater stability. However, mini-implant length is determined by the buccolingual thickness of the alveolar bone in which it is inserted and by the presence of some important anatomical structures. Manufacturers suggest the ideal mini-implant size for each site, considering an additional safety margin, so as to achieve the required implant attachment. Longer (from 8 to 9 mm) devices are recommended in the upper posterior buccal region; whereas shorter ones (from 6 to 7 mm) are recommended in the upper anterior buccal region and lower arch, since, at the latter, alveolar bone is not as thick in buccolingual direction. Using mini-implants proper in size not only prevent perforations on the opposite side of the cortex, but also avoid poor thread placement into the alveolar bone.

Mini-implant diameter should also be considered. In general, larger diameters assure better primary stability, but might affect secondary stability.[@B09] Kim et al[@B05]assessed the influence of shape over mini-implant stability. The authors state that cone-shaped mini-implants greater in diameter might cause excessive compression over the cortical bone, since they require greater insertion torque. Damages caused to the cortical bone might lead to ischemia, necrosis, bone remodeling and mobility, all of which might lead to mini-implant loss.[@B13]

It is recommended that mini-implants be 1.5 mm in diameter in upper and lower, anterior and posterior buccal sites. As for edentulous regions, maxillary tuberosity, retromolar fossa and mid palatal suture, 2 mm is recommended. Finally, for the palatal region, mini-implants should be 1.8 mm in diameter.

Care should also be taken when choosing the transmucosal profile according to the implant placement site, as it is necessary to ensure that the thread be inserted into the alveolar bone while the transmucosal profile be covered by gingival tissue. Profile usually varies from 0 to 3 mm and might be determined by an anaesthetic needle and/or a spear tip. For upper and lower buccal regions as well as the mid palatal suture, smaller profiles are recommended (from 0.5 to 1 mm); whereas the retromolar fossa and palatal/tuberosity regions require larger profiles (from 2 to 3 mm). Should the transmucosal profile be too small, it may lead to ischemia due to pressure exerted to the platform. Conversely, should it be too large, it causes discomfort to patients, as its head remains out of the gingival tissue.[@B09]The transmucosal profile should not interfere in mini-implants placement into the bone.

3) Properly determining mini-implant placement site provides ease for implant placement and contributes to stability!
=====================================================================================================================

Prior to lancing procedures, additional care should be taken in order to ensure that all procedures be carried out without causing discomfort to patients, in addition to providing implant placement with a clinical sequence that provides ease for further steps. Determining the site of TAD placement is an important step for the surgical technique. A periodontal probe moving from mesial to distal allows identification of root positioning. A cavity is normally found between roots and that is where a mini-implant should be placed, as apical as possible and into the attached gingiva where alveolar bone is more compact, thus providing greater stability.[@B02] Avoiding placing a mini-implant in free gingiva prevents the soft tissue from moving over the mini-implant, thus decreasing the risk of trauma. Procedures such as the application of topical anesthesia followed by infiltrative anesthesia allow lancing procedures to be carried out and favor mini-implant placement in gingival tissue, thereby reducing patient\'s discomfort. Future lancing procedures followed by mini-implant placement in bone tissue should be performed at the same site where infiltrative anesthesia was applied, which ensures that clinical sequence be strictly respected. Properly determining mini-implant placement site should occur during the primary procedures. Absence of discomfort favors final procedures.

4) The more precise the lancing procedures, the better the implant placement technique!
=======================================================================================

In the sequence of mini-implant placement technique, lancing procedures play an important role. The better the lancing procedures, the easier the path followed by a mini-implant inside the bone. Large spear tips macerate the gingival tissue, cause bleeding and subject the area to infection.

Lancing is considered a pre-implant placement procedure, as it should be carried out at the same site and with equal inclination of the mini-implant thread into the bone. It requires mild pressure manually applied by the clinician until the active spear tip enters the gingival tissue and the alveolar bone inner layer. Whenever the clinician feels a vacuum-like sensation, it means the procedure is concluded. Lancing procedures function as a guide, the initial perforation for future TAD interlock.

Large spear tips, excess pressure and movement might lead to necrosis and microfracture in the alveolar bone, hindering mini-implant placement. It is paramount that clinical signs be observed. Difficulty in performing perforations might be a sign of inadequate position or contact with tooth root. On the other hand, easy perforations might be a sign of immature or insufficient alveolar bone.

5) Self-drilling does not mean higher pressure!
===============================================

Self-drilling mini-implants dispense prior drill perforation. For this reason, they are pressed over and manually thread into the alveolar bone based on the opening created by the spear tip. The thinnest mini-implant end is placed into the cavity while light pressure is applied. Subsequently, the device is thread by rotating the key hand, preferably without pressure. Should primary procedures be successfully performed, TAD will be easily thread with no need for manual force.

Nevertheless, proper placement implies pressure and, for this reason, clinicians often make the mistake of applying excess pressure over the mini-implant during placement. This may displace a mini-implant out of its initial position and lead to microfractures and alveolar bone enlargement, thereby weakening mini-implant interlocking and leading to premature absolute anchorage loss.

Insertion torque is directly related to mini-implant size, bone density and professional experience, and directly influences stability.[@B03] ^,^ [@B09] It should range from 5 to 10 N/cm^2^ for devices 1.5 mm in diameter and 20N for thicker mini-implants (2.0 mm). Current keys in use have a torque gauge that allows the operator to control torque.[@B08]

After lancing procedures and mild primary pressure, rotating movements should be applied with the aid of a key hand, which will contribute to the success rate of mini-implants.

6) Knowing where implant placement should end decreases the risk of complications and mini-implant loss!
========================================================================================================

Properly ending a procedure is just as important as starting well, and is a goal to be achieved. It is common knowledge within the orthodontic scientific community that a mini-implant comprises three parts: head, transmucosal profile and active tip (thread). The active tip should be completely inserted into the bone while the transmucosal profile should be totally covered by tissue. The head functions as a connecting link between the TAD and the orthodontic mechanics, and should be passively supported by the gingival tissue, that is, outside the gingiva but in direct contact with it. Thus, mini-implant should be thread so as to achieve such position. For this to occur as natural as possible, all aforementioned steps should have been strictly followed, from adequate mini-implant to proper placement site.[@B02]

Should excess pressure be applied to the platform of the mini-implant head, gingival tissue becomes ischemic and this condition will not cease overtime. Should that be the case, gingival tissue responds with inflammation and, in more severe situations, necrosis. Furthermore, the patient might feel pain, which hinders hygiene around the device and, thus, leads to mucositis or peri-implantitis. All the aforementioned situations can contribute to early mini-implant loss.

It is advisable to thread the mini-implant once in a while and periodically assess how near it is in relation to patient\'s gingiva, so as to achieve ideal implant placement.

Pressing the mini-implant head over gingival tissue does not increase thread interlocking into the alveolar bone, instead, it damages the periodontium and hinders stability. Major steps for TAD placement are shown in[Figure 6](#f06){ref-type="fig"}.

Figure 6 -Major steps for mini-implant placement. A) Choosing ideal mini-implant placement site with the aid of a millimeter periodontal probe; B) Infiltrative anesthesia; C) Lancing procedures; D) Implant placement onset; E) Mini-implant in place. (Images provided by Prof. Dr. Antônio Carlos Ruellas).

Final considerations
====================

Mini-implant loss might be associated with the implant placement technique!

It is worth highlighting that:

1\) In some cases, the site of professional choice is not the most appropriate for mini-implant placement. Alveolar bone of questionable quality and reduced space between roots should be avoided.2) Mini-implant length is determined by the buccolingual thickness of the alveolar bone. Large diameters weaken the alveolar bone. On the other hand, bicortical mini-implant anchorage increases stability.3) Clinical examination, assessment of root contour and CT scans decrease the risk of flaws.4) Precise lancing procedures and pressure firm enough to perforate the alveolar bone provide ease for mini-implant threading.5) After primary interlocking, no pressure should be applied over mini-implants.6) A mini-implant should be placed with the thread inside the alveolar bone, the transmucosal profile covered by gingival tissue and the head supported by the gingiva.7) Mini-implant placement should be performed after careful planning and by means of a judicious technique.
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